Introduction {#s1}
============

Isoimmune hemolytic disease of the newborn is caused by incompatibility between maternal and fetal major or minor blood groups, or it can be caused by Rhesus incompatibility \[[@R01]\]. It is the major cause of severe indirect hyperbilirubinemia in the neonatal period \[[@R02]\].

The diagnosis is usually made by the presence of blood group incompatibility between mother and fetus along with a positive direct antibody test (DAT) \[[@R03]\]. The rate of bilirubin rise and the drop in hemoglobin level is used to document the presence of hemolysis and to guide treatment modalities \[[@R04]\].

Phototherapy is the main treatment modality \[[@R05]\]. It alters the solubility of the indirect bilirubin by isomerization of the bilirubin compound to make it water soluble \[[@R06]\]. The administration of intravenous immunoglobulin (IVIG) is an adjunctive treatment by blocking of the reticuloendothelial Fc receptor sites and thereby preventing the extravascular destruction of neonatal red blood cells (RBCs) sensitized by maternal antibodies \[[@R07], [@R08]\]. It was shown to decrease the need for blood exchange transfusion \[[@R9], [@R10]\].

The use of IVIG in isoimmune hemolytic disease of the newborn is guided adopting international guidelines such as the American Academy of Pediatrics' Hyperbilirubinemia Guidelines \[[@R11]\], or it can be guided by nationally or locally drafted guidelines.

There is a wide range in the incidence and variety of side effects caused by the administration of IVIG. Its usage has been linked with several potential adverse reactions including fever, skin rash, cyanosis, hypotension, hypothermia, irritability and vomiting \[[@R12]\]. More recently, an association with necrotizing enterocolitis has also been described \[[@R13]\]. However, IVIG has been deemed safe, and is generally well tolerated with a limited side effect profile \[[@R07]-[@R10], [@R14], [@R15]\].

This is a retrospective case-control study that investigated the clinical outcomes of neonates with isoimmune hemolytic disease who have received phototherapy and IVIG compared to matched controls that were treated with phototherapy alone.

Materials and Methods {#s2}
=====================

This retrospective case-control study was conducted to investigate the clinical outcomes of neonates with isoimmune hemolytic disease who received IVIG therapy, admitted to Jordan University Hospital, a tertiary care center with a specialized neonatal intensive care unit with a 30 bed capacity.

This study was approved by the deanship of scientific research at the University of Jordan. This study received ethical approval from the IRB and ethical committee at Jordan University Hospital. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. For this type of study formal consent is not required.

All neonates with isoimmune hemolytic disease above 32 weeks of gestation who have received IVIG therapy and were admitted to the neonatal unit during the period of 2012 - 2015 were included. They were matched to a group of infants who were admitted during the same period with isoimmune hemolytic disease and who were treated with phototherapy only. Neonates who have received intrauterine exchange transfusion were excluded.

Screening of newborns for isoimmunization was done by DAT from cord blood sampling. Newborns qualified for this screening if they were born to Rh negative mothers, mothers with blood group type O, mothers with positive indirect antibody test (IAT) or mothers with unknown blood group.

Any newborn with positive DAT result will be followed by sequential monitoring of his/her serum bilirubin and hemoglobin levels every 4 - 6 h according to the degree of hemolysis.

Phototherapy will be initiated when the newborn's serum bilirubin level reaches phototherapy threshold according to the American Academy of Pediatrics phototherapy graphs \[[@R11]\]. After initiation of phototherapy, bilirubin will be monitored initially every 4 h until rate of rise is determined. If level of rise is slow, frequency of bilirubin monitoring will be decreased to every 12 h. Phototherapy will be discontinued when bilirubin level is 2 - 3 mg/dL below phototherapy level. The infant will be monitored for rebound hyperbilirubinemia in hospital for 24 - 48 h after discontinuation of phototherapy.

In isoimmune hemolytic disease, IVIG will be administered in our unit according to two protocols according to the attending physician: either when the neonate's bilirubin value is only 2 mg/dL below the level of exchange, or once the bilirubin level reaches phototherapy range, indicating that the hemolysis is significant. Those neonates represent the IVIG group. The control group consisted of neonates with isoimmune hemolytic disease who were managed by phototherapy alone, as their bilirubin did not approach exchange level.

IVIG was administered in a 1.0 g/kg dose over a 2-h period. During administration the neonate will be on continuous cardiorespiratory monitor.

Rebound hyperbilirubinemia was defined as the rise of bilirubin level to phototherapy threshold after discontinuation of phototherapy.

Readmission was defined as the need for another admission of the newborn infant to the neonatal unit or the pediatric floor due to complications related to hyperbilirubinemia and/or hemolysis after completion of the 24 - 48 h observation period following discontinuation of phototherapy during the first admission.

Statistical analysis {#s2a}
--------------------

Data are presented as numbers and frequencies. A Fisher's exact test was used to compare groups. P values ≤ 0.05 were considered statistically significant.

Results {#s3}
=======

A total of 202 neonatal infants with isoimmune hemolytic disease were identified. Ninety-four infants were in the IVIG group, and 108 infants were in the phototherapy only group. Most of the included infants were term infants and most common isoimmune cause was ABO incompatibility ([Table 1](#T1){ref-type="table"}). There were no side effects documented in all the included infants. The IVIG group had more severe hemolysis than the phototherapy only group. Average highest bilirubin was 14.6 ± 3.7 in the IVIG group versus 12.6 ± 3 in the phototherapy only group (P = 0.0001), and average lowest hemoglobin (Hb) was 11.8 ± 2.5 in the IVIG group versus 13.1 ± 2.5 in the phototherapy only group (P = 0.0003). Complications of hemolysis were seen more in the IVIG group with rates of rebound hyperbilirubinemia, blood transfusion and exchange transfusion were 50% versus 28.7%, 18% versus 3.7%, and 4.2% versus 0% respectively. Rate of suspected sepsis was significantly lower in the IVIG group while rate of culture positive sepsis was the same in the two groups ([Table 2](#T2){ref-type="table"}).

###### Demographic and Clinical Characteristics of Neonates With Isoimmune Hemolytic Disease According to Their Treatment Group

  Characteristics             IVIG group (n = 94)   Phototherapy group (n = 108)   P value
  --------------------------- --------------------- ------------------------------ ---------
  Gestational age             37.9 ± 1.6            38.2 ± 1.6                     0.18
  Birth weight                3,022 ± 462           3,057 ± 511                    0.16
  Male gender                 48 (51%)              50 (46%)                       0.57
  Cesarean section            47 (50)               36 (33%)                       0.02\*
  Incompatibility                                                                  
    Rhesus                    21 (22%)              11 (10%)                       0.02\*
    Major blood group (ABO)   69 (73%)              92 (85%)                       0.04
    Minor blood group         4 (4%)                2 (2%)                         0.31

IVIG: intravenous immunoglobulin. \*P value ≤ 0.5.

###### Clinical Outcomes of Neonates With Isoimmune Hemolytic Disease According to Their Treatment Group

  Outcome                                         IVIG group (n = 94)   Phototherapy group (n = 108)   P value
  ----------------------------------------------- --------------------- ------------------------------ -----------
  Duration of phototherapy (average ± SD), days   3.5 ± 2.5             2.4 ± 1.8                      1.1
  Length of hospital stay (average ± SD), days    6.7 ± 4.1             6.9 ± 6.9                      0.8
  Rebound hyperbilirubinemia                      47 (50%)              31 (28.7%)                     0.002\*
  Need for exchange transfusion                   4 (4.2%)              0                              0.04\*
  Need for blood transfusion                      17 (18%)              4 (3.7%)                       0.001\*
  Need for \> 1 blood transfusion                 6 (6)                 0                              0.03\*
  Readmission for blood transfusion               3 (3.2%)              3 (2.7%)                       0.86
  Readmission for phototherapy                    2 (2.1%)              3 (2.7%)                       0.7
  Hemoglobin (average ± SD)                       11.8 ± 2.5            13.1 ± 2.5                     0.0003\*
  Lowest hemoglobin value                         5.4                   6.7                            
  TSB mg/dL (average ± SD)                        14.6 ± 3.7            12.6 ± 3                       0.0001\*
  Highest TSB value (mg/dL)                       36.3                  20.8                           
  Sepsis suspected                                4 (4.2%)              29 (27%)                       0.00001\*
  Positive blood culture                          3 (3.2%)              6 (5.6%)                       0.5

IVIG: intravenous immunoglobulin; TSB: total serum bilirubin; SD: standard deviation. \*P value ≤ 0.05.

Discussion {#s4}
==========

This study presents a retrospective analysis of health outcomes of newborns admitted with isoimmune hemolytic disease. They were classified into two groups, IVIG group representing those with isoimmune hemolytic disease who were treated with phototherapy and IVIG, and the phototherapy only group representing newborns with isoimmune hemolytic disease who were treated with phototherapy only.

There were no significant side effects reported in all the newborns included in the study. None of the infants developed necrotizing enterocolitis which was previously reported as complication of IVIG therapy in the neonatal period \[[@R13]\].

The rate of suspected sepsis episodes was significantly higher in the phototherapy only group; however this difference disappeared when reviewing the results of blood cultures. Many studies have looked into the role of IVIG in neonatal sepsis \[[@R16]\], which showed marginal reduction in the occurrence of sepsis in neonates who received IVIG. However, investigating this part was not the objective of this study; therefore we did not look into infection risk factors that might explain the difference found.

Since we have two protocols for the administration of IVIG in isoimmune hemolytic disease, the IVIG group was a heterogeneous group of newborns because it consisted of neonates with severe hemolysis who were approaching or at exchange level when IVIG was administered, and those who received IVIG as soon as they reached phototherapy threshold which was considered as an indicator of their significant hemolysis.

The presence of the newborns with more severe hemolysis in the IVIG group was reflected on the incidence of complications and therapy modalities related to the hemolytic process. Lowest hemoglobin value, highest bilirubin value, rate of blood transfusion and blood exchange transfusion, and rate of rebound hyperbilirubinemia were all significantly higher in the IVIG group.

IVIG use was associated with the development of earlier and more severe anemia, which was shown clearly in our results as higher rate of blood transfusion in the IVIG group during first hospitalization ([Table 2](#T2){ref-type="table"}). IVIG increases the production of proinflammatory cytokines which in turn inhibits erythropoietin production \[[@R17]\]. However, the higher rate of in-hospital anemia and blood transfusion in the IVIG group might be attributed to more severe hemolysis in newborns included. Late anemia in isoimmune hemolytic disease is hyporegenerative anemia. Several mechanisms have been proposed, including intramedullary destruction of RBC precursors by RBC antibodies, and erythropoietin production that is inappropriately low for the degree of anemia \[[@R18]\]. After discharge from the hospital, both groups had the same rate of late anemia and blood transfusion.

This study supports safe use of IVIG in isoimmune hemolytic disease of the newborns. The favorable results of the phototherapy only group were supportive of using selective criteria for administration of IVIG in neonates with isoimmune hemolytic disease even if they reached phototherapy threshold. Bilirubin rises despite intensive phototherapy \[[@R11]\] and significant hemoglobin drop can be used as indication to administer IVIG before the newborn approaches exchange level.

This study is a retrospective case-control study. Larger prospective studies with strict inclusion and follow-up criteria are needed to better understand the risks and benefits of IVIG administration as adjunctive management to phototherapy of isoimmune hemolytic disease of the newborns.
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